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Abstract                                                                                                                                   
Objective: Pilot a definitive randomized controlled trial of speech-language telerehabilitation 
in post stroke aphasia in addition to usual care with regard to recruitment, dropouts and 
language effects.                                                                                                                           
Design: Pilot single blinded randomized controlled trial                                                         
Setting: Telerehabilitation delivered from tertiary rehabilitation center to participants at their 
home or admitted to secondary rehabilitation centers.                                                                                                                                   
Subjects: People with naming impairment due to aphasia following stroke.                                                           
Intervention: Sixty-two participants randomly allocated to five hours of speech and language 
telerehabilitation by videoconference per week over four consecutive weeks together with 
usual care or usual care alone. The telerehabilitation targeted functional, expressive language.                                                                                                                                                        
Main measures: Norwegian Basic Aphasia Assessment: Naming (primary outcome), 
repetition and auditory comprehension subtests; Verb and Sentence Test sentence production 
subtest and the Communicative Effectiveness Index at baseline, four weeks, four months post 
randomization. Data were analyzed by intention to treat.                                                                                                                                    
Results: No significant between-group differences were seen in naming or auditory 
comprehension in the Norwegian Basic Aphasia Assessment at four weeks and four months 
post randomization. The telerehabilitation group (n=29) achieved a Norwegian Basic Aphasia 
Assessment repetition score of 8.9 points higher (p=0.026) and a Verb and Sentence Test 
score 3 points higher (p=0.002) than the control group (n=27) four months post 
randomization. Communicative Effectiveness Index was not significantly different between 
groups, but increased significantly within both groups. No adverse events were reported.                                                                                                                                
Conclusions: Augmented telerehabilitation via videoconference may be a viable 
rehabilitation model for aphasia affecting language outcomes post stroke. A definitive trial 
with 230 participants is needed to confirm results.                                                                                                               
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Introduction 
Aphasia is an acquired communication disorder due to brain injury, most commonly seen 
following stroke with a reported frequency of 30-40 % in acute stroke survivors [1, 2]. 
Current research on speech-language therapy for aphasia following stroke supports the 
effectiveness of high intensity - high dose speech-language training on functional and 
expressive language skills [3, 4, 5].  
Although evidence suggests the significance of intensive therapy regimes, it is challenging to 
provide aphasia rehabilitation described within trial protocols in a local or clinical setting. 
This is a natural consequence of a healthcare landscape with growing demands, increasing 
cost, constrained resources and limited speech-language pathologists accessible. Tailored, 
intensive speech-language therapy may also be difficult to establish, due to geographical 
barriers, and co-morbidities like decreased motor function and fatigue seen in the stroke 
population [6].  
In this context, telerehabilitation can constitute an unconventional strategy compared to more 
traditional forms of training as it represents one potential route to augment the dosage of 
therapy. In addition, telerehabilitation may facilitate equal services when access is limited due 
to geographical barriers, and utilize available resources in local settings. Hence, delivering 
speech-language therapy through videoconference gives an opportunity to provide 
rehabilitation services directly at home, eliminating the need for travel, still allowing “face-to-
face” interventions through the screen.  
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Although there is a growing literature regarding aphasia telerehabilitation, the effect of this 
new form of aphasia service is however to date still unclear, with low strength of current 
evidence on efficiency [7, 8]. Especially, there are few trials that explore how 
telerehabilitation can be used to increase therapy time, and the impact such augmented 
telerehabilitation might have on aphasia outcomes. 
Thus, the main objective of this pilot randomized controlled trial is to contribute to 
prospective well-designed large-scale trials. We further examine the effectiveness of a 
speech-language therapy intervention by videoconference in post stroke aphasia in addition to 
standard speech-language therapy (usual care). We aim to provide information to support the 
development and delivery of future definitive randomized controlled trials, including 
calculations for an accurate sample size In addition to language outcomes, our trial reports on 
features of recruitment and dropouts.  
Methods 
Our study was designed as a parallel group, randomized, controlled, pilot trial with blinded 
assessors. The study received ethical approval from the Norwegian Regional Committee 
South East for Medical and Health Research Ethics (Approval number 2015/2129). The trial 
was registered at the Clinical Trials Government website (NCT02768922) and was funded by 
the South-Eastern Norway Regional Health Authority (project number 2015037), the 
University of Oslo and Sunnaas Rehabilitation Hospital. The trial and reporting of the trial 
conforms to the Consolidated Standards of Reporting Trials (CONSORT) guidelines for 
pragmatic trials [9] and the guideline extensions for randomized pilot and feasibility trials 
[10]. Our protocol with the choice of outcomes, a description of the intervention and proposed 
analyses was reported earlier [11]. Recruitment started in May 2016 and ended in May 2018.  
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Patients were recruited within the Oslo region from stroke units at four different hospitals, 
from rehabilitation institutions including Sunnaas Rehabilitation Hospital, and from 
cooperating speech-language pathologists. Staff at recruitment sites screened patients for 
eligibility, where potential participants received information and an invitation to take part in 
the trial. The research investigator (HPØ) made an ambulatory visit for further investigations 
and enrollment. Broad inclusion criteria were selected to ensure a suitable sample size, in line 
with the timeframe and geographical context. We included a heterogeneous sample of patients 
with aphasia following stroke, with no limits with regards to time post stroke, previous history 
of stroke, and handedness. An informed consent form accessible to people with aphasia was 
used. Written consent was obtained from all participants. The following criteria for inclusion 
and exclusion were used:  
Study inclusion criteria:  
 People with aphasia following stroke (any time post stroke). 
 Aphasia including naming impairment (percentile score of 70 or lower on the 
Norwegian Basic Aphasia Assessment subtest naming [12]).  
 Norwegian was their main language.  
Study exclusion criteria:  
 Age below 16 years. 
 Patients who were unable to perform five hours of speech-language therapy per week 
due to medical or cognitive reasons (including moderate to severe hearing or visual 
impairment).  
 Patients who scored > 70 percentile score on the Norwegian Basic Aphasia 
Assessment subtest naming. 
 Patients with traumatic brain injury. 
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Participants were individually allocated directly after baseline assessment to either the usual 
care with additional telerehabilitation group (telerehabilitation group) or the usual care group 
(control group). A web-based random sequence generator without limiting conditions was 
used by an independent experienced scientist not a member of the project team, to create a list 
with the randomization sequence. Group allocation for each participant was obtained by 
phone to a hospital employee otherwise not involved in the study, who securely preserved this 
list.  
All trial participants received usual care during the study period provided by local speech-
language pathologists at the community level and/or in a rehabilitation institution. The 
participants allocated to the telerehabilitation group received augmented language training via 
videoconference. Participants who were allocated to the control group did not receive any 
project specific intervention. Due to the nature of the telerehabilitation intervention and the 
usual care delivered, the speech-language pathologists delivering the intervention and the 
participants were not blinded to treatment allocation.  
The dosage of usual care measured by hours from inclusion to follow-up assessment was 
recorded in a log-form. The log was piloted in cooperation with the participant’s 
family/caregivers. Information on dosage was also retrieved from the speech-language 
pathologists providing the usual care and through participants’ journal during and/or after 
completion of the trial. Distinctions were made in the therapy log with regards to what type of 
therapy had been provided; face-to-face speech-language therapy in a single session or by 
group.  
In order to ensure treatment fidelity, transparency and replicability for future studies, the 
Template for Intervention Description and Replication Checklist and Guide [13], was used to 
document the telerehabilitation intervention [11, supplementary table 1]. A mixed approach 
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following best practice was used to design an intervention aiming to enhance functional 
expressive communication. This included different impairment-based methods like 
functional-orientated therapy to phonological, semantic, cognitive-linguistic and cognitive-
neuropsychological approaches. The therapy was tailored to the individual participant’s 
language impairment, needs and goals in all language modalities (reading, writing, spoken 
language and auditory comprehension).  
The intervention targeted spoken language with tasks including word production, picture 
naming and discussion about familiar topics. Materials used in the intervention included a 
Norwegian translation of the Newcastle University Aphasia Therapy Resources [14, 15, 16] 
and a computer training program targeting all language modalities called Lexia. We also used 
“Sareptas afasikrukke” [17], a collection of Norwegian tasks comprising individual aphasia 
exercises training all modalities, e.g. oral and written naming, reading sentences and text. In 
addition, text, maps and pictures from the Internet were used as resources in therapy sessions.    
There were three speech-language pathologists that delivered the telerehabilitation 
intervention. Training in how to use the therapy material within the telerehabilitation context 
and in usage of equipment and software was provided through piloting of inpatients at 
Sunnaas Rehabilitation Hospital (approximately 10 hours). Random fidelity reviews were 
made by the first author by reviewing therapy records, to ensure that the chosen training 
material emphasized oral naming and speech production, as well as personalization of therapy 
with regards to level of impairment and the use of functionally relevant words (for example 
related to hobbies and family). Reviews were conducted to confirm that the tailored speech-
language therapy delivered by videoconference was in keeping with the telerehabilitation 
intervention as described in trial protocol.  
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A telerehabilitation intervention of five hours a week in line with current Norwegian national 
guidelines was chosen [18]. The therapy was delivered via videoconference over four 
consecutive weeks. Participants were required to complete ≥ 16 sessions of speech-language 
therapy via videoconference over 32 days in order to secure therapy time as defined per 
protocol , and account for any expected logistic or technical challenges, as well as medical 
complications or co-morbidities. As telerehabilitation was given in addition to usual speech-
language therapy, the total amount of hours of therapy delivered depended on the 
rehabilitation resources available in local settings.     
The technical setup for the telerehabilitation was built upon the findings of a previous 
feasibility study [19]. The telerehabilitation was given by a speech-language pathologist using 
videoconference through internet from Sunnaas Rehabilitation Hospital to a study laptop in 
the participant’s home or in the rehabilitation ward where the participant was admitted. The 
videoconference software Cisco Jabber/ Acano from the “Norwegian Health Net” was 
installed in the study laptops given to the participants and in videoconference equipment at 
Sunnaas Rehabilitation Hospital.  
The software LogMeIn was used to remotely control the participant’s computer. To ensure 
adequate confidentiality and meet data safety requirements, the videoconference was provided 
through encrypted software. The technical setup further included an external speaker to 
improve sound quality and a wide-angle web camera to enable review of body language 
and/or gestures. Participants were given training in the use of the computer software usually 
lasting for 30-60 minutes.   
Assessment of treatment outcomes   
External speech-language pathologists blinded to group allocation performed assessment at 
the four weeks control and follow-up. Data from baseline testing was collected and recorded 
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by the research investigator (HPØ) prior to randomization. All participants and/or caregivers 
were given instructions on how to preserve blinding for the speech-language pathologists who 
performed the assessments. In two participants, allocation was inadvertently revealed during 
conversation. Therefore, a second assessor blinded to treatment allocation re-scored these 
assessments by using video recordings of the test sessions.   
The naming subtest from the Norwegian Basic Aphasia Assessment [12] was chosen to 
measure the effect on naming ability comprising confrontation naming of objects, body parts 
and actions as well as answering abstract questions. For the evaluation of language 
functioning beyond naming, the Norwegian Basic Aphasia Assessment subtests auditory 
comprehension (identification, command following, ideas and relations) and repetition 
(repetition of words, meaningless syllables and sentences) were also included. We obtained 
raw scores as well as percentile scores in reference to a general aphasia population (described 
in [12]). In addition, the Verb and Sentence Test’s sentence production subtest [20] was used 
to evaluate the capability of verb and sentence production beyond words. To investigate 
functional communication skills, the Communicative Effectiveness Index was also 
incorporated in the test battery [21]. 
The Norwegian Basic Aphasia Assessment and the Verb and Sentence Test were assessed at 
three time points: Baseline, four weeks and four months post randomization. The 
Communicative Effectiveness Index, which is filled out by family or caregivers, was gathered 
two times: Following the intervention (four weeks) and the four-month post randomization 
follow-up.  
The effect on naming ability at the four months post randomization follow-up was selected as 
primary endpoint. Percentile scores more accurately reflect clinically relevant progression 
than raw scores; thus, the naming percentile score was used with a minimum difference of 8 
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considered clinically significant. The other language outcomes were chosen as key secondary 
endpoints.  
In addition and also to shed further light on feasibility aspects, quality of life measures, 
technical log and data regarding the experiences of patients, relatives and therapists with the 
delivered telerehabilitation, were collected using questionnaires and semi-structured 
interviews. The latter secondary endpoints will be addressed in other publications.  
Statistical analysis 
Data was analyzed using SPSS version 25.0 (IBM SPSS Inc., Chicago, IL, USA). The 
analysis of the predetermined primary and secondary outcomes was performed as planned and 
in adherence with protocol. Descriptive statistics were used to summarize the demographic 
and clinical presentation of the sample including description of baseline data.  
As our study is a phase II exploratory pilot randomized controlled trial, there is a lack of 
power to fully conclude the effectiveness of our augmented telerehabilitation intervention on 
language abilities. Statistical analysis was however performed to investigate trends in the data 
and to make some suggestions on effectivity. The data has furthermore been used to inform 
accurate sample size estimation for a future definitive randomized controlled trial.  
Our analysis was made on intention-to-treat basis, where the level of statistical significance 
was set at p-value < 0.05. To evaluate the immediate and long-term benefit of augmented -
telerehabilitation via videoconference on the subtests from the Norwegian Basic Aphasia 
Assessment and the Verb and Sentence Test, we used linear mixed models analysis. For the 
Norwegian Basic Aphasia Assessment subtests, percentile score was used for analysis. The 
fixed effects of the model were time, group allocation and the interaction between group and 
time to estimate possible differences in development over time between the telerehabilitation 
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group and the control group. The model was fitted with an unstructured covariance structure. 
The residuals of each effect variable were visually inspected for normal distribution using 
histograms and normality plots. Variables with non-normal distribution of the residuals were 
transformed before subjected to further analysis.  
To account for the expected heterogeneity in time post stroke and the dose of usual care 
speech-language therapy received, the data were also analyzed in separate models including 
these variables as covariates. As the Communicative Effectiveness Index was assessed at only 
two time points (four weeks control and at the four months follow-up), it was not incorporated 
in the linear mixed models analysis, but between and within group comparisons were 
analyzed using the independent sample t-test and paired sample t-test.  
Results 
A total of 86 patients were screened by the research investigator during an ambulatory visit to 
a stroke unit, a patient’s home or a tertiary rehabilitation institution; 62 patients met the study 
criteria. Details of patient screening, withdrawals, lost to follow up along with reasons for 
non-completion and adherence are summarized using the CONSORT flow diagram (figure 1). 
The demographic and clinical characteristics of the groups are shown in table 1.  
[Insert Figure 1 here] 
[Insert Table 1 here] 
Details of the telerehabilitation intervention and usual care delivered during the trial are 
described in table 2. All therapy (telerehabilitation and usual care) was delivered by speech- 
language pathologists. The data from the usual care logs revealed that the control group on 
average received some more hours of usual care than the telerehabilitation group. The 
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telerehabilitation group received however substantially more hours in total therapy time when 
adding the telerehabilitation intervention (Table 2).   
The majority of therapy by videoconference was given in participants own home, but some 
participants were located at a rehabilitation ward/institution as they were admitted for 
rehabilitation following their stroke. Some participants also started their telerehabilitation in a 
rehabilitation ward and continued their therapy by videoconference at home after discharge.  
Participants usually received 60 minutes of speech-language therapy via videoconference per 
day, five days per week. In some cases, more prolonged therapy time (70-120 minutes) was 
delivered over fewer days per week, to adjust to the participant’s timetable and other planned 
activities. Prolonged therapy time was only delivered in participants that were able to 
withstand long sessions. The technical setup for the telerehabilitation was the same regardless 
of location, with the exception of the internet connection. We used the internet connection 
available in the local setting, which ranged from mobile and Wi-Fi internet to different types 
of broadband.  
Random fidelity reviews of the therapy reports from the telerehabilitation group found the 
telerehabilitation intervention to be in adherence with trial protocol. There were no treatment 
related adverse events or serious harms reported in this trial.   
[Insert Table 2 here] 
Details of the form return rates, data completeness and time between assessments are 
described in table 3. The overall data return rates and the data completeness of the Norwegian 
Basic Aphasia Assessment and the subtest from Verb and Sentence Test, which were 
administrated by blinded assessors, were good. The return rate of the Communicative 
Effectiveness Index was somewhat lower as it is a self-reporting questionnaire completed by 
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family or caregivers. The return rates for all language tests were equally balanced across the 
two groups.  
Time between assessments was somewhat longer in the telerehabilitation group compared to 
the control group, a result of adherence to the protocol as ≥ 16 sessions of speech-language 
therapy via videoconference over 32 days was accepted. The overall completion of 
assessments was however considered to be close to planned time points in the protocol.  
[Insert Table 3 here] 
Analysis of language outcomes 
The linear mixed models analysis showed no significant treatment effects for the percentile 
score of the subtests naming and comprehension from the Norwegian Basic Aphasia 
Assessment. Regarding the repetition percentile score of the Norwegian Basic Aphasia 
Assessment and the subtest sentence production of the Verb and Sentence Test however, the 
mixed models analysis revealed a significant larger improvement over time in the 
telerehabilitation group (n=29) compared to the control group (n=27). Table 4 shows the 
language assessment results as well as the results from the linear mixed model analysis 
including effect estimations.  
Figures 2 and 3 illustrate the differences between groups in development over time for the 
Norwegian Basic Aphasia Assessment repetition and the Verb and Sentence Test. When we 
added the covariates time post stroke or dose of usual care speech-language therapy to the 
model, results were very similar with no changes regarding statistical significance 
(supplementary table 2). 
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For the Communicative Effectiveness Index, no statistical significance was seen between the 
groups at the 4 weeks assessment or the 4 months post randomization follow up (table 5). 
Within group comparisons revealed however significant improvement between assessments in 
both the telerehabilitation (p=0.001) and the control group (p=0.027).  
[Insert Table 4 here] 
[Insert figures 2 and 3 here] 
[Insert Table 5 here] 
Sample size calculation for a definitive trial  
Data gathered in this pilot trial was used to calculate sample size estimates for a definitive 
trial on the main effect measure, the percentile score of the Norwegian Basic Aphasia 
Assessment subtest naming. To adjust for a linear mixed model analysis, the sample size 
calculations integrated the design effect to correct for the correlation in the data. The minimal 
clinically meaningful effect was set to a difference in improvement of 8 percentile score in the 
naming test based on earlier clinical experience. A standard deviation of 20 was chosen from 
the data collected in this trial. With a 5% significance level and 80% power, we calculate 94 
participants in each group, a number of 188 participants in total. With a 20 % drop-out rate, 
approximately 226 participants are needed for a definitive trial with the Norwegian Basic 
Aphasia Assessment subtest naming as primary outcome given a parallel group randomized 
control design.   
Discussion 
In this pilot randomized control trial we find that augmented telerehabilitation delivered by 
videoconference led to a significant increase in the ability to repeat words and to produce 
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sentences, as measured by the respective subsection of the Norwegian Basic Aphasia 
Assessment and the Verb and Sentence Test. Furthermore, this increase was significantly 
larger than in the control group, with the difference between groups considered greater than a 
minimum clinically meaningful effect. We have not found significant between group 
differences in the naming and auditory comprehension language outcomes, nor a between 
group difference in measures of functional language.  
A strength of this pilot trial is that the intervention is given and explored within a local and 
clinical context. Its main weaknesses are a heterogeneous sample and that no detailed 
information is available about which standard care the participants received. The results must 
also be seen in the light of the limitations of an underpowered pilot trial, where it is crucial to 
state that no definitive conclusions can be drawn from our findings. Before evaluating the 
implications this trial has for future research on speech and language telerehabilitation for 
aphasia by videoconference, we will further highlight the limitation and weaknesses in our 
study.   
First of all, our language function results should be carefully interpreted given that this is not 
a full-scale trial. In this pilot, telerehabilitation via videoconference was used strategically to 
augment dosage of therapy delivered in local settings. We chose to deliver the 
telerehabilitation in addition to usual care on ethical grounds, as telerehabilitation is relatively 
new in the field of aphasia research with restricted pre-existing evidence of effect. As the 
telerehabilitation was additional, this study cannot inform about whether tele-rehabilitation 
can replace face-to-face speech and language therapy. 
The choice to give the telerehabilitation in addition to usual care is therefore an issue of 
debate, as it represents limitations to determine the single effect of our telerehabilitation 
intervention. Although we have found a treatment effect with a significantly larger increase in 
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language outcomes in the telerehabilitation group compared to the control group, no clear 
conclusion can be made about the cause of this observed effect. Is this due to the effect of the 
telerehabilitation intervention, the increased therapy time totally received, or both of these 
factors.   
Another limitation that needs to be acknowledged is that our choice of design gave limited 
control over the usual care delivered. As expected, the usual care reflected upon access to 
therapy in the local context, with a wide range of hours of speech-language therapy received 
across individual cases. The design of the log for usual care only accounted for hours of 
therapy by group or single sessions, but lacking data on the actual content of the therapy 
given. For a definitive trial, we therefore suggest that the therapy approaches used in usual 
care should be described to a greater extent using the TIDieR checklist [13]. 
As limited control over usual care delivered represented an important limitation of the trial, 
we chose to incorporate hours of usual care speech-language therapy as one of the covariates 
in our statistical models. However, this did not result in any changes regarding statistical 
significance. One might therefore argue that this strengthens the influence the augmented 
telerehabilitation intervention may have had on the observed effect. However, these results 
are underpowered to make any definite conclusions on this statement.  
Data from the usual care log showed that the control group on average received more hours of 
usual care than the telerehabilitation group. This could be a result of the telerehabilitation 
group not receiving the normal amount of usual care, or that enrolment in the trial increased 
access to usual care in the control group. The latter was suspected in a few cases, where being 
a participant in the control group seemed to facilitate more hours of usual care therapy.  
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In the telerehabilitation group, it may also have been difficult to complete the standard 
ongoing care, as the telerehabilitation intervention was integrated in an already demanding 
rehabilitation schedule. Higher drop-out rate has been observed in highly intensive treatment 
protocols, indicating that high‐intensity and high dose interventions may not be acceptable to 
all [3]. In our trial however, only two patients were lost at baseline in the telerehabilitation 
group, suggesting that the treatment frequency and duration was acceptable.    
Regarding the language outcomes of our pilot, the non-significant results we see in auditory 
comprehension were to be expected as our intervention did not target auditory comprehension 
specifically. However, the non-significant results in our primary outcome of naming were 
interesting, as the ability to produce sentences increased significantly different between 
groups. The treatment effect on the ability to produce sentences was evident during the 
intervention and continued to be observed at the four-month follow-up assessment. Thus, our 
intervention may have influenced participants’ spoken language beyond single word 
production.  
One possible reason for this might be that the choice of integrating tasks that enhanced overall 
functional language, in addition to single naming tasks, promoted greater ability to produce 
sentences. It is also plausible that tailoring the intervention to each participant’s impairment 
level, might have been a factor that endorsed a greater generalization of conversational skills. 
Regarding repetition, we also observed a significant increase in this outcome but only evident 
at the four month follow up assessment. This might indicate that the telerehabilitation 
intervention has a prolonged influence on repetition, increasing the ability to repeat words 
over time.  
An alternative theory to explain the non-significant results we see in naming is the Norwegian 
Basic Aphasia Assessment’s ability to detect clinical change of our telerehabilitation 
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intervention. To date, the Norwegian Basic Aphasia Assessment is the most comprehensive, 
standardized, commonly used test available in Norwegian. The naming subtest might however 
have too few items from limited semantic areas to fully evaluate naming skills, reaching a 
ceiling effect in persons with mild aphasia. We used the percentile score instead of raw score 
to reduce the ceiling effect, but this may not have been sufficient.  
For a future trial, it seems – due to the aforementioned reasons – rational to evaluate the 
choice of the Norwegian Basic Aphasia Assessment as the only instrument for measuring 
single word naming in a Norwegian study when one specifically wants to target naming as 
primary outcome.Translation and adaptation of more valid and reliable aphasia assessments 
into Norwegian is already underway. We also look forward to the application of the consensus 
international core outcome set for aphasia treatment in future aphasia research [22].   
Finally, when it comes to scaling the telerehabilitation intervention up for a larger trial, there 
are several issues to consider including potential barriers. One issue relates to the recruitment 
rate, where it took approximately 24 months to recruit 62 participants to this pilot. This 
recruitment rate of 2.6 patients per month is a respectable number compared to other trials of 
speech-language telerehabilitation. In our trial, only 28 % of the patients screened were 
excluded which is lower than reported in other trials [23, 24].  
Overall, recruitment for aphasia trials seems to be challenging, also demonstrated in this pilot 
were we had to make modifications to the protocol to fulfill a suitable sample size. In the 
original protocol, we wanted to investigate telerehabilitation via videoconference early post 
stroke, due to few studies on interventions this early and a suspected shortage of services in 
this period. However, because of an initially slow recruitment rate, our original design was 
adjusted after the first six months of enrollment. We broadened inclusion criteria to include 
persons with aphasia in all stages following stroke, which enhanced recruitment substantially. 
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This created a sample with high ecological validity to the general population of people with 
aphasia, but resulted in a more heterogeneous mixture of participants. 
For a definitive trial, we see that achieving a targeted number of approximately 230 
participants as estimated by the power calculation based on this pilot trial, will be difficult 
with our current geographical setup. A larger future trial should aim to recruit participants 
from across more centers. A crossover design could also be an alternative to a parallel design, 
as it requires fewer subjects to achieve power and creates a better balance in confounding 
covariates Adjustments to the statistical analysis to account for obvious between group 
confounders, like stage of aphasia and time post stroke, might then be necessary.  
In summary, this pragmatic pilot randomized control trial has shown our augmented 
telerehabilitation intervention to have possible benefits to language outcomes that need to be 
further investigated beyond this pilot. There have been no reports of treatment related adverse 
events, serious harms or drop-outs directly related to the telerehabilitation intervention. 
Further on, the trial supports telerehabilitation as a possible delivery model, to be used to 
increase dose and of speech-language therapy while reducing barriers like restricted 
resources, fatigue and mobility problems in post stroke aphasia. A definitive randomized 
controlled trial will however further shed light on augmented telerehabilitation as a future 
rehabilitation model for post stroke aphasia.  
Clinical Messages  
 In this study, telerehabilitation successfully increased total therapy time of speech-
language therapy in post-stroke aphasia.  
 Our pilot trial suggests that telerehabilitation in addition to usual care may improve 
repetition skills and sentence production compared to usual care alone.  
20 
 
 A definitive trial with 230 participants is needed to confirm results.  
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Table 1: Participants characteristics 
Variable  Telerehabilitation group (n=32)  Control group (n=30)  
Age in years, mean (SD)  
   
 64.7 (11.7) 
 
65.0 (12.2) 
Gender, n (%) 
  Male 
  Female  
 
 
19 (59.4 %) 
13 (40.6 %) 
 
22 (73.3 %) 
8 (26.7 %) 
Stroke type, n (%) 
  Thromboembolic  
  Haemorrhage 
  Thromboembolic  and Haemorrhage 
 
 
24 (75.0 %) 
3 (9.4 %) 
5 (15.6 %) 
 
19 (63.3 %) 
8 (26.7 %) 
3 (10.0 %) 
Time from stroke onset in months, n (%)   
  <= 3 months 
  3-12 months 
  12 months →  
 
16 (50.0 %) 
5 (15.6 %) 
11 (34.4 %) 
 
 
12 (40.0 %) 
4 (13.3 %) 
14 (46.7 %) 
Degree of disability, n (%)  
Modified Rankin Scale at baseline: 
  No significant disability 
  Slight disability 
  Moderate disability  
  Moderately severe disability 





15 (46.9 %) 
9 (28.1 %) 
7 (21.9 %)  




14 (46.7 %) 
9 (30.0 %) 
7 (23.3 %)  
0 
Language function at baseline (mean (SD)):  
  
Norwegian Basic Aphasia Assessment:  
  Naming - percentile 
  Comprehension - percentile 
  Repetition - percentile 
 
Verb and Sentence Test, subtest sentence production:  
































Table 2: Features of the telerehabilitation intervention and usual care received during the trial  
Intervention description  Telerehabilitation group n=30 Control group n=27 
 
Brief name of intervention  
 
Augmented  therapy by 
videoconference and usual care 
therapy   
 
 
Usual care therapy    
 
Who provided therapy, n (%): 
Only therapist in municipality 
Only therapist in rehabilitation institution 
Only therapist in municipality + therapist  in rehabilitation institution 
Only project therapist at Sunnaas Rehabilitation Hospital 
Project therapist at Sunnaas Rehabilitation Hospital + therapist  in municipality 
Project therapist at Sunnaas Rehabilitation Hospital, therapist  in municipality       







2 (6.7 %) 
22 (73.3 %) 
6 (20.0 %) 
 
 
16 (59.3 %) 
2 (7.4 %)  







Modes of delivery, n (%): 
Only Individual therapy face-to-face  
Only Group therapy face-to face  
Individual + group therapy face-to face  
Only therapy by videoconference  
Therapy by videoconference + individual therapy face-to-face   







2 (6.7 %) 
20 (66.7 %) 




16 (59.3 %) 
1 (3.7 %) 






Therapy dose and location  
 
Telerehabilitation intervention  
Location when receiving telerehabilitation intervention, n (%): 
Own home 
Rehabilitation ward/institution  
Own home and rehabilitation ward/institution  
 
Duration of telerehabilitation intervention in days (mean, SD) 
Hours of therapy by videoconference (mean, SD) 
 
Usual care  
Location during usual care therapy, n (%):  
No usual care delivered  
Own home 
Rehabilitation ward/institution  
The therapist’s office  
The therapist’s office and rehabilitation institution 
 
Hours of Usual care therapy : 
Usual care therapy individually (mean, SD) 
Usual care therapy by group (mean, SD) 
Usual care therapy in total (mean, SD)  
 
Total hours of therapy received  







20 (66.7 %) 
5 (16.7 %) 
5 (16.7 %) 
 
27.6, 2.4  




2 (6.7 %) 
3 (10.0 %) 
1 (3.3 %) 
18 (60.0 %) 
























3 (11.1 %) 
2 (7.4 %) 
14 (51.9 %) 
8 (29.6 %) 
 
 
19.0, 10.1  
6.0, 9.6 




                                                                                                                                                                                                                                                                       





Table 3: Form return rates, data completeness and time between assessments 
 Telerehabilitation group   Control group  
Norwegian Basic Aphasia Assessment, n (%) 
Baseline 
4 weeks assessment  
4 months assessment 
  
 
32 (100 %) 
30 (94 %) 
29 (91 %) 
 
30 (100 %) 
27 (90 %) 
27 (90 %) 
Verb and Sentence Test, subtest sentence production, n (%) 
Baseline 
4 weeks assessment  
4 months assessment  
 
 
32 (100 %) 
30 (94 %) 
28 (88 %) 
 
30 (100 %) 
27 (90 %) 
27 (90 %) 
Communicative Effectiveness Index, n (%) 
4 weeks assessment 
4 months assessment  
 
 
28 (88 %) 
24 (75 %) 
 
25 (83 %) 
22 (73 %) 
Time between assessments (mean, SD)  
From baseline to 4 weeks assessment (days) 
From baseline to 4 months assessment (weeks) 
 
 
36.2, 5.9  
17.3, 1.6    
 
31.2, 3.6  
16.8, 0.95 
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Table 4: Results of language outcomes using the linear mixed models analysis 
Outcome variable      Baseline,  
    mean (SD)                     
    4 weeks      
assessment,     
  mean (SD)         
4 months FU,  
 mean (SD) 
Telerehab group 4 weeks 
 Effect estimate   
 (95% CI) 
 
Telerehab group FU   
Effect estimate   
(95% CI) 
Time*group 4 weeks       Time*group FU  
Effect estimate                 Effect estimate                                            
 (95% CI)                              (95% CI) 
P value 
Time*group                                             
      
NGA subtest naming 
Telerehabilitation group 
Control group  
 





















38.9 (13.7)        
45.0 (17.6) 
 





47.6 (19.8)                   



















47.2 (22.6)   
58.6 (25.2)    
 
 
59.3 (23.3)              



























 6.8 (3.2) 

































3.1 (2.0 – 4.3)                                    
 








13.5 (7.9 – 19.1) 
    
   
 









4.6 (3.3 – 6.0)     
 
- 2.9 (-7.8 – 1.9)              -1.9 (-8.2 – 4.3) 
                                             
 
 

















-3.0  (-4.7 –  -1.4)          -3.0 (-4.8 – -1.1) 
      




          0.026 
 
 
              
          0.332 
 
             
               




               
          0.017 
 
 
             
          0.002 
 
             
 
 
NGA = Norwegian Basic Aphasia Assessment 
VAST= Verb and Sentence Test, subtest sentence production 
FU= Follow-up assessment 
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Outcome variable       
                         
  4 weeks      
assessment,     
mean, SD (n)         
4 months  
assessment,  
mean, SD (n) 
  4 weeks  
  Mean difference    
  (95% CI) 
 
4 months 












Communicative Effectiveness Index  
Telerehabilitation group 





53.9, 19.4 (28) 
57.2, 24.2 (25) 
 
 
61.3, 19.0 (24) 
61.3, 21.9 (22) 
 
 








  0.592 
 
 



























Assessed for eligibility (n=86) 
Excluded (n=24): 
  Inclusion criteria not met:   
- Score of > 70 percentile on the   
Norwegian Basic Aphasia Assessment 
naming subtest (n=14) 
- Cognitive and/or medical reasons       
for exclusion (n=4)      
- Aphasia due to  
  traumatic brain injury (n=1) 
  cerebral tumor (n=1)  
  Declined to participate (n=4) 
Participants included in intention-to-treat analysis (n=32)         
Received allocated intervention (n=30) 
Lost to 4 months assessment (n=1):                                 
Unable to attend follow-up due to hospitalization   
 
 
                       
Usual care with additional telerehabilitation group (n=32) 
Received allocated intervention (over 4 weeks) + usual care (n=30) 
Did not receive allocated intervention (over 4 weeks) (n=2):  
1 withdrew, 1 died  
 
Participants in the usual care group (n=27)              
Lost to 4 months assessment (n=0)  
Usual care group (n=30) 
Received only usual care (n=27)  
Did not participate further in the study (n=3):  
3 withdrew 
 
Participants included in intention-to-treat analysis (n=30)                        
Allocation 
Analysis 
4 months assessment  




Received allocated intervention + usual care (n=30) 
Lost at 4 weeks assessment (n=0)
Received only usual care (n=27)  
Lost at 4 weeks assessment (n=0)  
4 weeks assessment 

























Figure 3:  Multiple Line Mean of VAST Total by Time by control/intervention 
 
 
 
